INTRODUCTION
Adult-onset primary open-angle glaucoma (POAG) is the most common form of glaucoma, usually manifesting itself after the age of 40 years. The prevalence of POAG is about 1-2% over age 40 years in white populations and 3-4 times greater in black populations of the same age [1] . Recent projections estimate that worldwide, 60.5 million people will suffer from some form of glaucoma by 2010, with primary open angle glaucoma (POAG) accounting for about 74% of cases [2] .
Unfortunately, despite the magnitude of the problem, the accurate etiopathogenesis of this silent stealer of sight still remains a mystery. Compared to other forms of glaucoma, the optic neuropathy of POAG is multifactorial, with IOP, being the most important risk factor [3] . It is also the only risk factor that is therapeutically modifiable.
It is generally believed that like all other forms of glaucoma, it is ultimately a mechanical blockade of aqueous outflow that increase IOP of POAG. But the exact cause or site of this blockade is yet to be definitely determined. However, a change in the composition of aqueous humor prevents its smooth outflow. Normally, aqueous humour has 0.02% protein (20 mg/dl) as compared with 7% reported in plasma. In a study, the total protein concentration in primary open-angle glaucoma aqueous humour was approximately two times higher than that in non-glaucomatous subjects [4] . The most abundant protein identified in aqueous humour is albumin (50% of all the protein content) and transferrin, when analysed by high performance gel filtration chromatography (HPGFC) [5] or by crossed immuneelectrophoresis [6] or SDS-PAGE [7] . However, biochemical investigation of the aqueous, considering such aspect in the various forms of open angle glaucoma, has so far received relatively little attention. Due to lack of sufficient information on the role of proteins involved in the pathogenesis of open angle glaucoma (especially POAG), the present study was undertaken to assess the changes in the protein composition of aqueous humour of primary open angle glaucoma and to compare it with those of non-glaucomatous patients. A better understanding of the mechanism of POAG is likely to lead to more effective treatment of this disease.
PATIENTS AND METHODS
This was a case-control study conducted at a university hospital of Aligarh Muslim University, India, between November 2007 to September 2008. An informed written consent was obtained from all the chosen patients following the guidelines of Helsinki Declaration. The patients were divided into two groups -(Group I) TEST group included patients above 50 years old with established cases of primary open angle glaucoma undergoing trabeculectomy due to uncontrolled intraocular pressure with optimal medical therapy. The diagnostic criteria for primary open-angle glaucoma were: 1) presence of glaucomatous optic disc damage 2) corresponding glaucomatous changes in the visual field 3) open angle of anterior chamber 4) absence of alternative causes of optic neuropathy (e.g., infection, inflammation, meningeal disease, ischemic disease, and compressive lesions) and 5) no features of secondary glaucomas. Group II (Control group) included, age matched patients of senile cataract, without any evidence of glaucoma, undergoing cataract surgery. The following criteria were used for exclusion for both groups: 1) evidence of ocular surgery including laser within 6 months 2) evidence of intraocular inflamemation 3) complicated cataract 4) history of uveitis 5) history of ocular trauma and 6) diabetic retinopathy.
Sample Collection
Aqueous humour samples were collected at the beginning of the surgery, before entering the anterior chamber. A 0.1ml aqueous humour fluid was removed from the anterior chamber under sterile conditions using a tuberculin syringe and stored in microtubes at −20˚C until analysis. All surgical procedures were performed by experienced ophthalmic surgeons. The protein contents in the aqueous humor were estimated following the method of Bradford [8] . The molecular weight of proteins in aqueous humour of the test and control samples were analyzed by sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE ).
RESULTS
The geometric mean of total protein concentration of the aqueous humor samples was 55.73 mg/dl (ranging from 31 to72 mg/dl) in the POAG group and 46.46 mg/dl (ranging from 27 to 65 mg/dl) in the control group. The difference in the protein contents of the two groups was statistically significant (p ≤ 0.001). Furthermore, a remarkable difference in the electrophoretic patterns of the protein in aqueous humour of the two groups was observed when analysed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Seven well defined protein bands of molecular weight 10 kDa, 20 kDa, 30 kDa, 50 kDa, 60 kDa, 70 kDa, 90 kDa were detected in the POAG group (Figure 1) . In contrast, the control group exhibited fewer protein bands whose molecular weights were 10 kDa, 30 kDa, 70 kDa, 90 kDa. Thus, in this study, the 20 kDa, 50 kDa and 60 kDa proteins were detected only in the samples collected from the patients suffering from POAG. The 70 kDa protein though detected in both the groups, it exhibited a suppressed expression on gel in the controls relative to the POAG group. Among the POAG group samples, 24 had a higher magnitude expression while two showed only appreciable magnitude expression. On the contrary, proteins of varying molecular weight between 71-90 kDa were over expressed and densely stained in controls and, hence, finer resolution into separate molecular weights was not possible.
Another interesting observation of this study was the expression of a 60 kDa protein in aqueous humour samples of POAG patients which was not detected in control samples. However, except for two cases, 92.3% of the total POAG group samples demonstrated a low magnitude expression of 60kDa protein. Of the 26 POAG group samples, 84.6% (22 samples) showed low magnitude expression of 50kDa proteins whereas aqueous humour of controls showed no such protein bands during SDS-PAGE analysis. Generally, the 30kDa protein, like the 70 kDa protein, was detected in all samples of both the POAG and control samples. Of the total 26 POAG samples, 80.76% (21 samples) displayed low magnitude expression of 20 kDa protein, but none of the control samples showed the protein of such molecular weight. Though, the 10 kDa protein was expressed in the samples of each group, 60 kDa protein was recorded only in one control sample.
DISCUSSION
Outflow facility is reported to be significantly reduced in patients with uveitis who have high aquous humour protein level. Such elevated aqueous humour protein level in turn, leads to the development of glaucoma by decreasing aqueous humour outflow facility [9] . Therefore, we analyzed and compared the concentration of total proteins in both glaucomatous and non-glaucomatous patients. In our SDS-PAGE analysis of the test sample, we found that not only the total aqueous protein concentration increased in POAG, but also the aqueous protein composition differs from non-POAG eyes. The differences in protein concentrations in POAG patients cannot be attributed to the drug because increase in protein concentration in aquous humor is reported only in topical application of timilol and is not reported by other topical anti-glaucoma drugs. Further, the increase in protein concentration is not due to increase in protein production but is due to reduced concentration of aquous humor. So, this is not likely to alter the chemical composition of protein in aquous humor [10, 11] . Furthermore, increase in the total concentration of proteins in aqueous humor after oral administration of 500 mg of acetazolamide has also been reported [12] . The effect of this drug on the protein concentrations of the POAG patients, who were using it, can be ruled out because two dosage of acetazolamide is routinely administered as pre-operative medication before cataract surgery at our centre.
In other study, the PG analogues though induced MMPs but the molecular weight of protein observed in our study was smaller than those reported for PG induced proteins in the ciliary body [13] . However, unlike the findings of Herschler et al. [14] or Lee et al. [15] we did not record any high molecular proteins in the aqueous humor obtained from patients of primary open angle glaucoma. Interestingly, almost all the proteins detected in this study had molecular weights corresponding to the heat shock proteins (Hsp). Synthesis of such heat shock proteins has been found in vivo and in organ cultures of several mammalian tissues which were subjected to heat shock or other forms of stress [16, 17] . Heat shock proteins act as protective proteins and aid in maintaining cellular homeostasis under environmental stress [18] [19] [20] . Some of the common stressors include heat shock, ischemia, oxidative stress, pH extremes, nutrient limitation, osmotic variation, hypoxia etc. Of the various heat shock proteins, Hsp 70 is normally produced by the epithelial cells of the natural lens and retinal ganglion cells even in unstressed conditions. However, heat shock proteins can be expressed constitutively or be induced but its production is reported to be increased by cellular stress [21] . This may be the reason a 70kDa protein was though observed in both POAG and control groups, but it was over expressed in the POAG group only. The 60 kDa protein noticed in 92.3% of the POAG samples was not found in any of the samples collected from controls subjects. In similar studies, Tripathi [22] reported a 60 kDa protein in aqueous humor of cataract cases while serum auto antibodies to Hsp 60 in various open angle glaucomas, including POAG is also reported [23] . Increased expression of Hsp 60 has been observed in retina and optic nerve head in human donor eyes with glaucoma [24] .
The kDa 50 fraction was the only protein expressed in the study samples whose molecular weight does not correspond to a heat shock protein. Plasminogen activator inhibitor1(PAI-1), an approximately 50 kDa, inducible protein has been reported to be increased in aqueous humor of open angle glaucoma patients by Dan et al. [25] . The tPA and uPA, the target enzymes for PAI-1, were previously detected in the human aqueous humour [26, 27] . Previously it was roughly estimated that most of the tPA was complexed with PAI-1, with only a small free fraction available for proteolysis [27] . Thus, the equilibrium may normally be shifted, perhaps delicately, toward fibrinolysis and proteolysis, which could be involved in the maintenance of aqueous outflow. Our results suggest that this situation may be reversed in patients with glaucoma owing to the increase in PAI-1 level in the aqueous humor. However, our study did not specifically identify this 50kDa fraction. Moreover, none of the controls exhibited this fraction, a finding which is at variance with other studies.
Small heat shock proteins (sHsps) are a large family of proteins with monomeric molecular weight of 12-43 kDa. Unlike the high molecular weight Hsps, which are involved in protein folding in vivo, under normal conditions, sHsps play an important role in protecting organism from stress. Such small heat shock proteins are reported to share an evolutionarily conserved sequence of 80-100 amino acids, located in the C-terminal region, called the alpha-crystallin [28] . Tamm et al. [20] have demonstrated that both monkey and human TM cell cultures stressed by heat shock, exhibited a significant increase in alpha B-crystallin mRNA. In this context, it must be emphasised that the cellular consequences of heat and ischemia are similar. Albumin, the major aqueous humor protein, acts as a escort through the trabecular meshwork in mammalian eyes, and interacts with alpha-crystallin up to the critical micelle concentration for alpha-crystallin (3.5-5 mg/ml or 0.18-0.25 mM) as reported by Doss et al. [29] . There is little in-teraction at or above this concentration. This binding could serve the necessary function of preventing interactions between alpha-crystallin monomers or small aggregates and hydrophobic surfaces within the trabecular meshwork. However, since the interaction between the two proteins is not very strong, the accumulation of unbound monomers/dimers of alpha-crystallin could contribute to the development of primary open angle glaucoma.
Assuming that the 20 kDa protein detected in POAG cases in our study is Hsp 20, we would like to take this hypothesis forward. What we propose is that glaucoma causes conditions of stress, which results in over expression of alpha-crystallin by the trabecular meshwork. This increased production of alpha-crystallin, overwhelms the capacity of albumin to escort it through the trabecular meshwork. This results in excess being secreted into the aqueous humor, and consequent blockade by alphacrystallin monomers/dimer. This hypothesis is also in agreement with the observations of others [30, 31] . After in vitro studies they concluded that the filter blocking process involves two interacting classes of blocking components, which when present simultaneously in aqueous humor, bind hydrophobically to the filtering surface. Based on these observations, it was suggested that one of the members could be albumin, the dominant protein of aqueous humor. Filtration blockage would also require a second component leading to the synthesis of 20 kDa protein as observed in our study.
In conclusion, our study revealed that primary open angle glaucoma patients had higher concentration of aqueous humor proteins than controls and that the protein composition of the aqueous humor samples was different from the normal ones. Furthermore, various protein bands detected by SDS-PAGE needs to be qualified and to establish that 20 kDa protein is indeed an alpha-crystallin. Small molecular weight aqueous humor proteins and trabecular meshwork immunohistochemistry needs further investigation to determine the etiopathogenesis of primary open angle glaucoma. Our study provides an early marker in this direction.
